Introduction
============

End-stage renal disease (ESRD) is a powerful determinant of atherosclerotic vascular disease and is associated with a remarkably high incidence of cardiovascular morbidity. The presence of cardiovascular disease is an important predictor of mortality in patients with ESRD, as it accounts for almost 40 percent of deaths [@B1]. Peripheral arterial disease (PAD) is an important manifestation of systemic atherosclerosis and is common among ESRD patients. It is growing numbers of patients are now with PAD as a result of the trend of increased prevalence of ESRD in the past decade [@B2]. Epidemiological and clinical studies of the ESRD patients have clearly shown that PAD is a strong predictor for subsequent mortality [@B3],[@B4]. Notably, the relative risk of PAD for overall mortality is similar to that of preexisting coronary artery disease, congestive heart failure and celebrovascular disease in ESRD patients [@B5]. Thus, it has recently attracted much attention of PAD as a risk factor for adverse outcomes in ESRD patients.

It is undoubtedly the hemodialysis (HD) and peritoneal dialysis (PD) to serve the patients with ESRD as the most common methods for renal replacement therapy worldwide. The general consensus is that HD and PD can be viewed as equivalent therapies and either modality may be used as primary therapy for patients with new ESRD [@B6]. The merits of mortality differences between PD and HD have been widely debated over the past decade. Several studies comparing mortality between PD and HD among ESRD patients show conflicting and inconsistent results [@B5], [@B7]-[@B12]. The discrepancy of these results may result from methodological difference, period of follow-up and stratified subgroup [@B13]. Therefore, if we want to know whether there are survival benefits of one modality compared with the other; we may not to answer the question in specific high-risk subgroups with ESRD.

It is not a rare situation to encounter chronic kidney disease or dialysis patients with PAD. The prevalence of overt or subclinical PAD was counted approximately 20-30% in patients receiving dialysis treatment [@B3],[@B14],[@B15]. Previous comparisons between PD and HD patients have not fully compared survival outcomes in high-risk subgroup, especially in those with preexisting cardiovascular disease. PD patients are exposed to greater amounts of daily glucose loading, leading to a much higher prevalence of insulin resistance, dyslipidemia and metabolic syndrome [@B16]. There is also evidence that PD patients exhibit greater coagulability status [@B17]. PD may also accelerate development of atherosclerosis lesions via increased glycosylation and lipid oxidation [@B18],[@B19]. In contrast, HD patients are exposed to a greater risk of cardiovascular disease due to more rapid decline of residual renal function [@B20] and more hyperdynamic status conferred on the presence of the arteriovenous fistula and extracorporeal circulation [@B21]. Since the PAD is a marker of systemic atherosclerosis [@B22], the impact of the dialysis modality on the mortality in patients with PAD remains unclear. The aim of the study presented here was to investigate the effects of dialysis modality on overall mortality in an ESRD population with subclinical PAD.

Methods
=======

Study design and patients
-------------------------

During the period from April 2005 to September 2005, a total of 421 patients (153 PD and 268 HD) underwent maintenance renal replacement therapy was included for screen of subclinical PAD at China Medical University Hospital in Taiwan. All patients who fulfilled the following inclusion criteria were considered for enrollment into this study: (i) patients who had received regular dialysis treatment at least for six months; (ii) patients\' modality of renal replacement therapy was the initial type without using another types before; (iii) patients had to be clinically stable for three months before entry, without infectious or other active diseases. (iv) patients met the criteria for diagnosis of subclinical PAD according to the reports of ankle-brachial blood pressure index (ABI). The enrolled ESRD patients for screen of subclinical PAD included 179 males and 242 females. The dialysis regimen and frequency were prescribed by each patient\'s attending nephrologist. Clinical indications were the main reasons for change in dialysis regimen and frequency. The study was approved by institutional review board of the hospital and all enrolled patients gave written, informed consent.

Data collection
---------------

Clinical information was obtained by hospital records and dialysis logs. Blood sample was drawn in the morning after overnight fast and demographic information were included as confounders at study baseline. Blood pressure was measured in the arm after 20 min of rest in the supine position with a standard mercury sphygmomanometer, and the auscultatory method was used with cuff-size adjustment based on arm circumference at study baseline. Pulse pressure was calculated for each individual as the difference between systolic blood pressure and diastolic blood pressure. The preexisting cardiovascular disease (CVD) was defined as patients who had history of angina, coronary disease, myocardial infarction, abnormal angiographic results, transient ischemic attack, and/or cerebrovascular accident. Diabetes was defined as a previous physician diagnosis, or fasting glucose of more than 126 mg/dL (7.0 mmol/L), or nonfasting glucose of more than 200 mg/dL (11.1 mmol/L) at baseline. Anuria was defined as a status of completely anuric without passage of urine amount in study subjects.

ABI measurement and definition of subclinical PAD
-------------------------------------------------

The value of ABI was measured using an ABI-form device (VP1000; Coli, Komaki, Japan), which automatically and simultaneously measures blood pressures in both arms (brachial arteries) and ankles (posterior tibial arteries) by using an oscillometric method. The ABI was calculated by dividing systolic blood pressure, measured at the ankle, by systolic blood pressure, measured at the arm. Subclinical PAD was defined as an ABI value less than 0.90 in either extremity.

Endpoint and outcome analyses
-----------------------------

Clinical outcomes in this study included actual patient survival. Patients transferred to alternative renal replacement therapies were censored at the time of transfer. Also, data for patients who were lost to follow-up were censored for the survival analysis. The observation period ended on 30 June 2011. At the end of the follow-up, the status of all patients assessed and data on mortality were obtained for the entire cohort.

Statistical analysis
--------------------

Categorical data were expressed as absolute numbers or percentages and the χ^2^-test was applied for comparison. Continuous data were expressed as mean ± standard deviation for normally distributed data, and as median and interquartile range for nonparametric data. The Student\'s t-test was used when data were normally distributed; otherwise, the non-parametric Mann-Whitney U-test was used. Survival curves were generated using the Kaplan-Meier technique and tested using the log-rank test. Variables predictive of all-cause mortality were determined using Cox regression models. Any selected variable for which there was a significant difference for prediction of mortality in univariate Cox models was considered as a risk factor and entering into the multivariate Cox model. Hazard ratios (HRs) and 95% confidence intervals (CIs) were measured for variable included. A p-value less than 0.05 was considered as statistically significant. All calculations were performed with the SPSS software version 12.0 for Windows (SPSS Institute, Chicago, IL).

Results
=======

Patient characteristics
-----------------------

From April 2005 to September 2005, we identified 91 patients (29 males and 62 females; 61 on HD and 30 on PD) with ESRD and subclinical PAD. The prevalence of subclinical PAD was 21.6% (91/421) at the study baseline in our patients. Table [1](#T1){ref-type="table"} shows the characteristics of the patients\' cohort at baseline by dialysis modality. The HD group had a longer mean duration of dialysis (p = 0.04), a higher mean pre-dialysis blood urea nitrogen (p = 0.001), and a lower mean serum triglyceride level (p = 0.006). The HD group was also more prevalent with diabetes (p = 0.004).

Causes of death in relation to dialysis modality
------------------------------------------------

During the study period, 50 patients (32 HD and 18 PD) died. The causes of death (Figure [1](#F1){ref-type="fig"}) in the HD group were sudden death in 9 patients (28.1%), cardiovascular disease in 7 patients (21.9%), celebrovascular disease in 3 patients (9.4%), infection with sepsis in 9 patients (28.1%), malignancies in 3 patients (9.4%), and other miscellaneous cause in 1 patient (3.1%). The causes of death (Figure [1](#F1){ref-type="fig"}) in the PD group were sudden death in 1 patient (5.6%), cardiovascular disease in 1 patient (5.6%), celebrovascular disease in 3 patients (16.7%), unresolved PD related peritonitis in 6 patients (33.3%), infection with sepsis in 2 patients (11.1%), and other miscellaneous causes in 5 patients (27.8%). The overall cardiovascular cause (sudden death, cardiovascular disease and celebrovascular disease) of death was 48.0 %. HD patients had a higher mortality from cardiovascular causes than PD group (59.4% vs 27.8%, p \< 0.05).

Patient survival in relation to dialysis modality
-------------------------------------------------

During the study period, if patients were censored from the survival analysis, his or her health status was considered as the health status at the time of censor. After counting the events of death in other patients, the remaining patients were administratively censored on 30 June, 2011. Figure [2](#F2){ref-type="fig"} shows the comparison of survival curves for ESRD patients with subclinical PAD between those on HD and PD. The curves show a statistically significant difference between the two group (p = 0.0039). Patient survival in the group on PD was lower compared with those on HD. The increased mortality was particularly evident after the first 12 months of follow-up.

To further examine the relationship between dialysis modality and patient\'s mortality, each potential risk factor was entered into the adjusted-mortality model. To further examine the relationship between dialysis modality and patient mortality, each potential risk factor was entered into the adjusted-mortality model. The analysis indicated that older age was an independent factor positively associated mortality (HR, 1.033 \[95% CI, 1.013-1.053\]). Compared with the HD group, the PD group was at higher risk of mortality (HR, 1.916 \[95% CI, 1.218-3.015\]).

Patient survival in PD patients with and without residual renal function
------------------------------------------------------------------------

In the PD group, 19 patients were noted to be completely anuric and 11 patients were not at study baseline. As comparison of survival between patients on HD and PD without anuric, the mortality difference gap was decreased (p = 0.0533) (Figure was not shown).

There was interesting trend regarding the impact of residual renal function on survival. Patients with anuric had an increased risk of all-cause mortality compared to non-anuric patients. The increased mortality was particularly evident in the first 40-45 months, leveling off thereafter despite of no statistical significance was identified (Figure [3](#F3){ref-type="fig"}). The result provide a trend that the mortality difference is more likely related to residual renal function of PD patients at the study entry.

Discussion
==========

Choosing the right patient for the right modality has been shown to have a great impact not only on health-related outcomes but on quality of life at the time of initial dialysis. The question of which dialysis modality would cause lesser further mortality to ESRD patients with a history of PAD is encountered frequently preceded and underwent dialysis in clinical practice. Give that cardiac mortality is the greatest cause to all-cause mortality in the ESRD and PAD populations [@B23]; vigorous efforts are required to identify factors that may exacerbate this problem. This study presented here demonstrated that the risk of death was significantly increased in PD patients compared with HD patients with subclinical PAD. Our findings are consistent with finding in previous studies [@B5],[@B8],[@B12], which has suggested poorer outcomes in PD patients with underlying cardiovascular diseases.

The increased mortality risk among subclinical PAD patients treated with PD was not constant over time but increased with follow-up. The increased mortality in PD was particularly evident after the first 12 months of follow-up. This finding suggests that the deleterious effect of PD on the survival of ESRD patients with subclinical PAD is a time-dependent phenomenon. The development of associated mechanism leading to increased mortality may be a function of time as well. Previous studies comparing PD- and HD-treated patients rarely compared survival outcomes in high-risk subgroups, especially in those with preexisting cardiovascular disease. Given that cardiovascular disease is prevalent in diagnosed ESRD patients, defining the optimal dialysis modality for patients would reduce further morbidity and mortality.

Our nonrandomized observational study demonstrates a significant difference in the risk of mortality between patients on PD and HD. The dialysis modality may interact with subclinical PAD associated with mortality. This study does not, however, provide evidence for the mechanism of increased mortality among PD-treated patients. There are, however, several possibilities. First, the importance of residual renal function has become evidence in PD patients in the past decade. Decline of residual renal function is associated with fluid overload [@B24], anemia [@B25], inflammation [@B26], malnutrition [@B27], PD-related peritonitis [@B28], and mortality [@B29],[@B30] among PD patients. In contrast, the importance of reservation of residual renal function is playing lesser crucial role in influencing further survival among HD patients. Second, PAD patients have a high prevalence of concomitant left ventricular hypertrophy in patients without ESRD at first diagnosis. Otherwise, a cross-sectional survey demonstrates the greater preservation of residual renal function, the lesser prevalence of left ventricular hypertrophy in PD patients [@B31]. Therefore, left ventricular hypertrophy is to potentially make a major contribution to cardiac death in PAD patients [@B32]. Prospective comparisons of PD and HD patients have shown significantly more left ventricular hypertrophy and poorer left ventricular function among PD-treated patients. These studies implied the possibility of mechanism of impact of residual renal function on mortality risk in PD patients with PAD [@B33],[@B34]. Finally, patients treated with PD have a higher percentage of death due to infection than those with HD in present study (44.4% vs. 28.1%). It has been well documented that innate immunity is not only a key element in host to defense against bacterial infections but also associated with atherosclerosis and cardiovascular diseases [@B35]-[@B39]. Macrophage scavenger receptor has a crucial role in innate immunity system, and it has the integral membrane protein containing a collagenous domain associated with pathological deposition of cholesterol during atherogenesis as a result of uptake of modified low-density lipoproteins. Macrophage knockout mice exhibit a marked decrease in modified low-density lipoproteins uptake in vitro and are more susceptible to infection. The effect of protection from infection by innate immunity system is probable impairment in patients on PD as compared with HD [@B40].

There are several limitations in this study. First, the number of study subjects is modest, and could not set complex models with confounding factors in multivariate analyses. A larger cohort of patients is needed to confirm our findings. Second, our included subjects were not newly diagnosed dialysis patients, and we can therefore not study the precise effect of modality from incident time. Third, our study was based on ABI value to define PAD, which was subclinical rather than overt PAD. The definition of overt PAD probably needs an angiography. However, the calculation of ABI values is a non-invasive and convenient measure currently available surrogate marker as it presented good validation for detecting PAD. Finally, the degree of residual renal function was not quantified in our PD patients at study baseline. Thus, we were unable to evaluate whether there is dose-response relationship between residual renal function and PAD. Further examination for this relationship is necessary.

Conclusion
==========

In summary, our findings suggest that PD, as is currently practiced, may not be a suitable choice for ESRD patients with PAD and that that HD is a preferred therapy. Given the epidemic of atherosclerosis and alarmingly high prevalence of PAD in ESRD patients, there is an urgent need for a large size prospective study in this population. Further study is also needed to explore the accurate mechanism on the mortality discrepancy between PD and HD in this population.
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###### 

Clinical characteristics of the patients with end-stage renal disease with subclinical artery disease who were underwent hemodialysis or peritoneal dialysis.

                                       Hemodialysis (n = 61)   Peritoneal dialysis (n = 30)   P value
  ------------------------------------ ----------------------- ------------------------------ ---------
  Age (yrs)                            63.8 ± 11.4             64.3 ± 11.2                    0.82
  Gender (male/female)                 20/41                   9/21                           0.789
  Duration of dialysis (months)        54 (19-83)              28.5 (17.8-58.3)               0.04
  Diabetes (yes/no)                    40/21                   10/20                          0.004
  Ankle-brachial index                 0.76 ± 0.20             0.76 ± 0,17                    0.786
  Systolic blood pressure (mmHg)       124.7 ± 29.3            129.5 ± 30.2                   0.084
  Diastolic blood pressure (mmHg)      76.7 ± 13.0             80.3 ± 18.2                    0.102
  Pulse pressure (mmHg)                46.9 ± 19.7             47.3 ± 16.5                    0.325
  BUN (mg/dL)                          74.7 ± 23.2             58.8 ± 17.9                    0.001
  Creatinine (mg/dL)                   10.6 ± 2.1              11.2 ± 2.6                     0.262
  Intact parathyroid hormone (pg/mL)   156 (62.4-360)          84.5 (27.6-433)                0.498
  Preexisting CVD (%)                  26 (42.6)               12 (40.0)                      0.811
  Cholesterol (mg/dL)                  181.7 ± 50.4            197.4 ± 56.3                   0.186
  Triglyceride (mg/dL)                 145 (79-250.5)          244 (139.5-410.5)              0.006
  Hematocrit (%)                       29.6 ± 3.8              28.6 ± 4.0                     0.236
  Calcium (mg/dL)                      9.0± 0.8                9.3 ± 1.1                      0.151
  Phosphate (mg/dL)                    5.7 ± 1.3               5.3 ± 1.3                      0.303
  Albumin (g/dL)                       3.5 ± 0.4               3.7 ± 0.4                      0.084

###### 

Mortality risk associated with risk factors in univariate and multivariate Cox proportional hazards models.

  -------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                      Hazard ratio\               P       Adjusted hazard ratio (95% confidence interval)   P
                                                (95% confidence interval)                                                             
  --------------------------------------------- --------------------------- ------- ------------------------------------------------- -------
  Age (per 1 yr increase)                       1.031 (1.011-1.051)         0.002   1.033 (1.013-1.053)                               0.001

  Gender (male vs female)                       1.413 (0.906-2.205)         0.127   \-                                                

  Dialysis modality (PD vs HD)                  1.776 (1.136-2.775)         0.012   1.916 (1.218-3.015)                               0.005

  Preexisting CVD                               1.241 (0.814-1.241)         0.315   \-                                                

  Duration of dialysis (per 1 month increase)   1.003 (0.998-1.007)         0.264   \-                                                

  Diabetes                                      0.902 (0.595-1.367)         0.626   \-                                                

  BUN (per 1 mg/dL increase)                    0.997 (0.989-1.006)         0.577   \-                                                

  Triglyceride (per 1 mg/dL increase)           1.000 (0.999-1.001)         0.492   \-                                                

  Albumin (per 1 g/dL increase)                 0.702 (0.371-1.328)         0.277   \-                                                
  -------------------------------------------------------------------------------------------------------------------------------------------
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